Objective To ascertain whether stress biomarkers and psychological indices of stress may predict both conception and miscarriage rates in women undergoing in vitro fertilisation/ intracytoplasmic sperm injection (IVF/ICSI).
Results In all, 197 women completed the study, of which 92 conceived and 28 miscarried. The level of psychological stress, as measured by questionnaires, was highest at the time of PT, whereas the level of biological stress as measured by sAA level (IU/l) post-ET (1.8 9 10 5 AE 1.5 9 10 5 ) was significantly (P < 0.001) higher than pre-ET (1.2 9 10 5 AE 1.0 9 10 5 ) and at PT (1.0 9 10 5 AE 1.1 9 10 5 ). However, there was no difference in psychological scoring and in sAA levels between women who did or did not conceive and who had miscarried or had an ongoing pregnancy.
Introduction
Current literature reports contradicting results of stress experienced during IVF treatment and its effect on the reproductive outcome. Although several studies show that the level of stress experienced during in vitro fertilisation (IVF) treatment affected the reproductive outcome, [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] a number of other studies suggested that it was not related. [13] [14] [15] [16] [17] [18] [19] Moreover, some investigators reported that stress reduction by relaxation training, hypnosis during embryo transfer (ET) and medical clowning after ET improved outcome, 6, [20] [21] [22] [23] but other studies showed that stress reduction therapy did not help to improve pregnancy rate. [24] [25] [26] [27] The controversial findings relating to stress and clinical outcome following IVF treatment may be due to a number of reasons. First, it has been shown that stress level fluctuated during IVF treatment, [7] [8] [9] [10] 28 with several studies reporting higher stress during pregnancy testing. 8, 28, 29 It is unclear if stress level at the time-point of pregnancy testing is more predictive of outcome than other time-points during the IVF treatment. There is no consensus on when stress measurement would best be performed during the course of IVF treatment. Second, various studies used different instruments to measure stress. Some used psychological questionnaires, such as state-trait anxiety inventory (STAI), 2, 13, 14, 16, 17 Beck depression inventory (BDI), 2, 8, 12, 13, 17 and general health questionnaire (GHQ), 13, 30 whereas others used a combination of questionnaires and serum stress markers. 8, 9, 14, 31 Third, all previous studies measured IVF outcome in terms of conception or no conception; 2, 7, 14, 15, 17, 28, 31, 32 only one study attempted to analyse the additional impact of stress on miscarriage. 16 In this prospective observational study, we aim to revisit the impact of stress experienced during IVF treatment by the following approaches: (1) the use of several comprehensive and validated questionnaires [visual analogue scale of stress (VAS-S), STAI, percieved strass scale (PSS), fertility problem inventory (FPI), BDI and GHQ], along with a stress biomarker [salivary a-amylase (sAA)], which is more reflective of acute stress, (2) the examination at three different time-points of IVF treatment [before embryo transfer (pre-ET), after embryo transfer (post-ET) and before pregnancy testing (PT)], and (3) measurement of various clinical outcomes including pregnancy, miscarriage and live birth.
Methods

Study population
Women undergoing fresh or frozen IVF/intracytoplasmic sperm injection (ICSI) cycles at The Chinese University of Hong Kong ART unit at the Prince of Wales Hospital between November 2015 and September 2016 were recruited to this study. The inclusion criteria were women (1) with reproductive failure undergoing IVF/ICSI treatment, and (2) < 40 years old. Exclusion criteria for participation included: (1) history of psychological/psychiatric problem, (2) women with literacy or language problems, and (3) potential factors that would affect sAA analysis: history of smoking, physical exercise, meals, alcoholic beverages or low pH drink 1 hour before testing.
Data collection
All women who fulfilled the inclusion and exclusion criteria were counselled regarding study enrolment by oral and written information and signed a written informed consent.
They would then receive two questionnaires: (1) questionnaire I and (2) questionnaire II enclosed within an envelope. Questionnaire I was completed in the waiting room and returned before the ET procedure. The participants were instructed to complete questionnaire II just before PT.
Outcome measures
Acute/short-term stress Salivary a-amylase. Participants were asked to provide salivary samples for the measurement of sAA at three timepoints: 15 minutes before ET, (2) immediately after ET, and (3) just before PT. Saliva was collected using an absorbent cotton roll material called Salivettes. The cotton roll was placed in the mouth for 2 minutes. The saliva samples were then sent to the Certified Chemical Pathology Laboratory in the Prince of Wales Hospital for analysis.
Visual analogue scale of stress. The VAS-S is a 100-point scale that is well suited to the clinical assessment of selfreported stress and offers a quick and simple means of assessment of perceived acute stress (e.g. 'Please mark how stressful you feel in the embryo transfer procedure. 0 = no stress at all, 100 = as bad as it could be'). 33 The higher scoring of VAS-S indicates the greater level of perceived acute stress. VAS-S was assessed in both questionnaires I and II.
State-trait anxiety inventory. The STAI-S is a 20-item scale that uses a four-point Likert scale ranging from almost never to almost always. It assesses the intensity of current anxious feeling at that particular moment. 34 Therefore, STAI-S is used for measuring short-term stress. In this study, STAI-S was measured in both questionnaires I and II.
Medium-term stress Perceived stress scale. The PSS is a self-report scale to measure subjective perceived stress in a week. 35 Each item has five response options yielding a score between 0 and 40. The higher scoring of PSS means the greater level of perceived stress. PSS was assessed in questionnaires I and II to assess any change of stress level in a week.
Long-term stress Fertility problem inventory. The FPI is a widely used instrument to measure infertility-related stress and infertility-related beliefs; it includes 46 items and has a score that ranges from 46 to 276. The scale assesses in five dimensions: social concern, sexual concern, relationship concern, rejection of childfree lifestyle and need of parenthood. 36, 37 The higher the score indicates the higher the infertility stress. In our study, FPI was accessed at questionnaire II.
General health questionnaire. The GHQ-12 is a questionnaire to access the severity of psychological distress experienced by an individual during the past few weeks. 38, 39 It focuses on two major areas: (1) the inability to carry out normal function and (2) the appearance of new and distressing phenomena. The higher scoring indicates a higher level of psychological morbidity. In this study, GHQ was assessed in questionnaire II.
Beck depression inventory. The BDI is a self-report rating inventory that consists of 21 items and measures different areas of depression symptomatology, including affective, cognitive, motivational and physiological domains during the past few weeks. 40, 41 Each question consists of four possible responses ranging in intensity. BDI scoring ranges from 0 to 63 with a higher total score indicating more severe depressive symptoms. In this study, BDI was accessed at questionnaire II.
Pregnancy
After the ET procedure, all women underwent human chorionic gonadotrophin (hCG) pregnancy blood testing 9 days after blastocyst transfer or 11-12 days after cleavage embryo transfer. A positive clinical pregnancy was defined as serum hCG level of > 10 IU/l.
Statistical analysis
Based on the Lynch et al. 42 study assessing the effect of preconception stress on infertility, the reduction of fecundity was 29%. Assuming that stress resulted in a 20% reduction in clinical pregnancy rate, with an a value of 0.05 and power of 80%, 162 participants would be required. To account for 25% of participants being excluded from the study, not completing the study or being lost to follow up, a total of 202 women were considered necessary.
Parametric data and nonparametric data were expressed in mean AE standard deviation (SD) and interquartile range (25th to 75th centile),respectively. The comparison of results between the pregnant and nonpregnant groups or between the ongoing pregnancy and miscarriage groups was made by using independent sample t tests for parametric data or Mann-Whitney U test for nonparametric data. Paired sample t tests or Wilcoxon signed-rank tests were conducted when comparing the change of psychological scoring among different time-points. For categorical data, chi-square test was computed with contingency tables. Several earlier publications defined high anxiety, depressive and stress levels as above the 90th centile. [43] [44] [45] In this study, we have also defined a high score as one above the 90th centiles of the pregnant group. To assess the association between conception or miscarriage and stress scores, chi-square test was used. A binary logistic regression was conducted to determine if pregnancy outcome is affected by the various psychological stress scores and a stress biomarker, along with other independent variables, including maternal age, body mass index, duration of infertility, type of infertility, baseline follicle-stimulating hormone (FSH), endometrial thickness at the time of hCG trigger, stage of embryo transferred, and number of embryos transferred. P-values < 0.05 or a 95% CI not including 1 were considered statistically significant in all statistical tests. The statistical analyses were entered and conducted with Statistics Package for the Social Sciences (SPSS) version for Windows (Version 22; SPSS Inc., New York, NY, USA).
Results
From November 2015 to May 2016, 213 eligible women were successfully recruited and gave consent to participate in the study. Among them, 200 women returned completed questionnaires. Three of them provided inadequate saliva samples. At the end, a total of 200 participants (200 completed all questionnaires and 197 completed saliva sampling) were included in the study. Among them, 92 conceived after ET and 108 did not conceive. The demographic details of these two groups of women are compared and summarised in Table 1 . The mean (AE SD) age and baseline FSH of women in the pregnant group was 35.1 (AE 2.9) years and 7.2 (AE 1.8) IU/l, which was significantly lower than that of 36.1 (AE 3.1) years and 8.5 (AE 2.8) IU/l in the nonpregnant group. Otherwise, there was no difference in body mass index, years of infertility, type of infertility, endometrial thickness (mm) on the day of hCG trigger, or proportion of cleavage stage/blastocyst transfer between the two groups.
Comparison of results at different time-points
The means (AE SD) of sAA at three different time-points (pre-ET, post-ET and PT) are compared in Figure 1 . The sAA level immediately after ET (1.8 9 10 5 AE 1.5 9 10 5 IU/l) was significantly higher than that of pre-ET (1.2 9 10 5 AE 1.0 9 10 5 IU/l) (P < 0.001) and at PT (1.0 9 10 5 AE 1.1 9 10 5 IU/l) (P = 0.003), whereas sAA level at the time of pre-ET was also significantly (P < 0.001) higher than that at PT. The median score (25th to 75th centile) of VAS-S [70 (30-70)] and mean AE SD score of STAI and PSS score (43.2 AE 12.4; 17.1 AE 6.0, respectively) at the time of PT were significantly (P < 0.001, P < 0.01 and P < 0.001, respectively) higher than that of pre-ET [50 (30- 
Comparison of results between women who did and did not conceive
The biomarker and psychological scores in women who did conceive are compared with those of women who did not in Table 2 . There was no difference in sAA level, STAI, PSS, FPI, GHQ and BDI scores among the pregnant and nonpregnant groups at different time-points (pre-ET, post-ET and PT) (P > 0.05).
Association between conception and stress scores
Chi-square test was used to analyse the relationship between high or normal sAA level, VAS-S, STAI, PSS, FPI, GHQ and BDI scores between the pregnant and nonpregnant groups (Table 3 ). There was no association found between any of the scores and the occurrence of conception.
Comparison of results between women who did and did not miscarry
The biomarker and psychological scores in women who miscarry are compared with those in women who had ongoing pregnancies in Table 2 . There was no difference in sAA level, VAS-S, STAI, PSS, FPI, GHQ and BDI score between the ongoing pregnancy and miscarriage groups at different time-points (pre-ET, post-ET and PT) (P > 0.05).
Association between miscarriage and stress scores
Chi-square test was used to analyse the relationship between high and normal sAA level, VAS-S, STAI, PSS, VAS-S score FPI, GHQ and BDI score between the ongoing pregnancy and miscarriage groups in Table 3 . It showed that for all variables, high or normal scores were not associated with the outcome of pregnancy (miscarriage or ongoing pregnancy) (P > 0.05).
Logistic regression analysis
Logistic regression analysis using conception (yes or no) as the dependent variables and various demographic characteristics (age, body mass index, duration of infertility and type of infertility), treatment data (baseline FSH, endometrial thickness at time of hCG trigger, stage of embryo transferred and number of embryos transferred), psychological scoring and stress biomarker as the independent variables, which showed that only age (odds ratio 0.82, 95% CI 0.70-0.96) and baseline FSH level (odds ratio 0.76, 95% CI 0.59-0.97) significantly (P < 0.05) affected the outcome of conception whereas other variables did not. Similarly, among those who conceived, using miscarriage (yes or no) as the dependent variables, none of the independent variables examined predicted miscarriage.
Discussion
Main findings
In this study, we found that stress, as measured by various psychological instruments and a stress biomarker at three time-points, was not associated with IVF outcome.
Strengths and limitations
We have used a total of six validated psychological instruments to measure stress. Many earlier studies used more than one psychological instrument, 1,2,8,10,13,17,19 but few employed six or more different psychological instruments. 18, 28 These various instruments are designed to measure different aspects of stress with none of them proven to be superior to others. Various investigators used different instruments with no consensus on which one should be used. Consequently, we decided to adapt a more comprehensive approach to include six different validated instruments in our study.
In many earlier studies, the assessment of the impact of stress level on pregnancy outcome was entirely based on Table 2 . A comparison of sAA and various psychological stress scores at different time-points during IVF treatment (a) acute/short-term stress, (b) medium-term stress, and (c) long-term stress between those (1) who conceived (n = 92) and did not conceive (n = 108), and (2) who had ongoing pregnancy (n = 64) and experienced miscarriage after ET (n = 28)
Conceive or not Pregnant group
Pregnant (n = 92) Non-pregnant (n = 108) P value Ongoing (n = 64) Miscarriage (n = 28) P value (a) sAA level* Parametric data and nonparametric data are presented as mean AE SD and median (25th-75th centile), respectively. None of the comparison between pregnant and nonpregnant groups and between ongoing pregnancy and miscarriage groups showed significant difference. *The data are presented as 9 10 5 (IU/l), nonpregnant group (n = 105).
psychological questionnaires. 2, 12, 16, 46 A particular strength of our study was the use of both psychological questionnaires and a stress biomarker to measure stress levels at multiple time-points. The additional use of a stress biomarker provided an objective form of assessing the body's response towards stress. In this study, we have chosen to None of the comparisons between pregnant and nonpregnant groups and between ongoing pregnancy and miscarriage groups showed a significant difference. *The data are presented as 9 10 5 (IU/l), nonpregnant group (n = 105).
measure a-amylase in the saliva as the stress biomarker, partly because Lynch et al. 42 found that sAA appeared to be of prognostic value in women attempting to conceive naturally, and partly because saliva sample collection is noninvasive and so is more acceptable to participants, especially when the measurements were obtained at multiple time-points (pre-ET, post-ET and PT).
The major limitation of this study is not to investigate the causal relationship between stress level and pregnancy outcome. Hence, the association between psychological stress and clinical outcomes should be interpreted with caution.
Interpretation
Changing levels of stress at different time-points A number of previous studies found that stress levels changed at different time-points during the IVF treatment. An et al. 8 reported that psychological scoring and biological markers significantly changed at different time-points. Merari et al. 9 also found fluctuation of the stress level during IVF treatment. Boivin and Takefman 28 observed that the stress level was highest at the PT. Our result was in line with previous studies, which found that stress level fluctuated during IVF treatment. Both short-term and medium-term stress scores appeared to show a peak at the time of PT.
Level of sAA was highest immediately after ET, presumably a consequence of acute stress related to a surgical procedure. We observed that there was a discrepancy between psychological tests and the biological test, as the sAA levels were low on the day of PT, whereas at the same time the psychological tests (VAS-S, STAI and PSS scores) showed the highest stress value. The main reason is that sAA is a very sensitive biomarker that may undergo significant changes over a few minutes, and it measures acute stress or an acute response to a procedure whereas the questionnaires measured stress over a period of time preceding the assessment. The result of the questionnaire showed that the period between ET and PT, even though there was no medical intervention such as injections or blood test or ultrasound examination, was more stressful than the period before ET, when there were frequent procedures such as oocyte retrieval, regular attendance with blood tests and injections. The source of stress during the period between ET and PT can only be explained by the anxiety or worry concerning treatment failure. On the other hand, the result of sAA showed that the acute stress produced as a consequence of attendance for blood test for PT was lower than that produced by going through the ET procedure. In addition, the sAA results before PT were lower than those before ET, suggesting that the acute stress produced in response to attendance for a blood test for PT was lower than that produced in response to the attendance for a procedure to have ET.
Prognostic value Conception. Although we have shown that the short-and medium-term stress level, as measured by psychological questionnaires and sAA, did fluctuate during the course of IVF treatment, we were unable to show that the levels were of any prognostic value regarding whether conception did or did not occur in the treatment. Similarly, long-term stress (as measured by FPI, BDI and GHQ) did not appear to have prognostic value regarding IVF treatment. We only measured long-term stress level at one time-point because they are likely to be stable and unlikely to change by clinical procedure or attendance. Overall, it appears that the outcome of IVF is not affected by short-, medium-or long-term stress levels.
To our best knowledge, no previous studies investigated the impact of acute/short-term stress, medium-term stress, long-term stress and high stress scores on pregnancy outcome concurrently. An earlier study investigated the impact of acute or chronic stress on pregnancy outcome. KlonoffCohen et al. 47 found that baseline stress (acute and chronic stress as measured at the first clinic visit) significantly affected pregnancy and live birth delivery rate, whereas procedural stress (acute stress as measured before ET) did not. The latter finding was similar to what we observed in this study.
Miscarriage. Maconochie et al. 48 reported that feeling stressed (experienced of the number of stressful or traumatic events) was one of the independent factors in increasing the risk of first-trimester miscarriage. However, Nelson et al. 49 found that there was no relationship between stress level and spontaneous miscarriage as measured by three psychological questionnaires and cortisol level. It appears that the relationship between stress and subsequence miscarriage following natural conception is controversial. [48] [49] [50] [51] [52] One previous study attempted to examine the relationship between the stress level experienced during IVF treatment and miscarriage and found no significant correlation. 16 In our study, we have used a biomarker and various validated instruments to measure stress level and failed to find an association between stress and miscarriage. Taking these two studies together, we concluded that preconception stress level did not appear to affect the chance of miscarriage.
High stress level. In addition to comparing the stress level among women with various outcomes, we also attempted to examine if women with a high level of stress had a significant impact on the likelihood of conception or miscarriage. Again, we found that there was no correlation between high stress level and clinical outcome.
Clinical implications. Previous studies reported that onethird of women undergoing infertility treatment had impaired psychological wellbeing and they reported twice as many depressive symptoms as the fertile control group. 53, 54 Women who fail to conceive or who experience miscarriage after IVF treatment often question if stress could have contributed to their failure. Although we found that stress level did fluctuate at different time-points during the IVF treatment, 10, 28 it is reassuring to know that it did not appear to have a significant impact on treatment outcome.
Conclusion
Our prospective observational study found that stress levels measured by various validated psychological instruments and a stress biomarker were not correlated with pregnancy outcome. Women undergoing IVF treatment could be reassured that although stress levels may fluctuate during treatment, they do not appear to have an adverse impact on outcome.
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